Bunting: The brittle ranges in brass as shown by the Izod impact test. A series of alloys varying in composition from gg per cent. copper to 52 per cent. copper were tested at temperatures between 15° C. and 700° C. Brittleness occurs in all brasses containing less than go per cent. of copper, being first encountered in go : ro brass, in which the brittle range exists from 470° C. to 540° C. With increase of zinc the range expands, and in the case of a 70: 30 brass occurs between 325° C. and 8oo° C. At a composition of 65 per cent. copper the range extends from 325° C. until the solidus is entered.
The a+ (3 alloys possess a recovery of toughness at high temperatures. The brittle range of the 58 : 42 alloy extends from 325° C. to 450° C., above which the recovery of toughness occurs ; any further increase of temperature causes the plasticity of the metal to become more pronounced. The brittle ranges are believed to be due to the thermal inversion occurring in (3 at a temperature in the neighbourhood of 4 70° C. : it is probable that a similar thermal change occurs in a brasses.-J. Newton Friend and R. H. Vallance: Determination of the thermal coefficients of expansion of some commercial metals and alloys.-W. E. W. Millington and F. C. Thompson: The investigation of a fatigue failure of brass tubes in a feed water heaterwith a consideration of the nature of fatigue. In the course of this investigation, involving a study of the close-packed cubic material, it is shown that a move-NO. 2839, VOL. I I 3 j ment on octahedral planes, which has been termed "easy glide" in distinction from "slip," is responsible for: (r) Plastic deformation in hot and cold working; (z) changes of packing from cubic to hexagonal;
(3) mechanical twinning; (4) fatigue. In certain circumstances under cycles of stress, twin bars (Neumann lamellce) are cumulatively formed in the material, which not only stiffen the crystals but also cause them to become internally stressed, until eventually failure results.-T. Martin: The tensile properties of aluminium at high temperatures. Tensile tests on two qualities of aluminium at temperatures up to the neighbourhood of the melting-point show a continuous diminution in the strength of the metal, with corresponding increase of ductility, up to about 325° C. At this temperature a marked change in the mechanical properties takes place, which is attributed to a sudden increase in the rate of recrystallisation of the metal. Tests on cold-worked material indicate that up to 200° C. the added strength conferred by cold work is well maintained. The tests on the less pure metal show that the effect of the impurities present is to make the metal stronger but less ductile at all temperatures. Tests at two different rates of extension show that, at all temperatures above the atmospheric, the maximum stresses observed for the faster rate are greater than those for the slower rate, the effect increasing with the temperature. At 300° C., a temperature at which aluminium vessels are frequently used in practice, the maximum stress observed may be increased by more than ro per cent. by trebling the rate of extension.-S. H. .J. Wilson Note on the effect of cold-drawing and annealing on some electro-chemical properties of a low-tm bronze. The thermo-electric power of a series of cold-drawn bronze wires at first rises. and then ceases to do so as the amount of cold work is increased. With still more work the power again increases. The effect of the drawing operation at different depths in the wire is also investigated, and it is shown that the wire is very far from homogeneous. On annealing a cold-drawn wire the thermo-electric power at first undergoes little alteration, but at a temperature of 400°-sooo C. shows a rapid and important increase, thereafter falling to a value lower than that in the cold-drawn condition. Measurements of the electro-chemical potential show at first a marked rise to a maximum as the wire becomes more and more worked. They then fall to a minimum and finally again rise.
March 13.-M. Cook: The cadmium-lead-zinc system. Data concerning the three binary systems involved have been collected; the ternary system has been investigated thermally and microscopically. Near to the cadmium-lead binary eutectic is a ternary eutectic containing Sr ·7 per cent. lead, 17·3 per cent. cadmium, and r per cent. zinc which freezes at 245° C. There is a large zone in which the metals are not completely miscible m the liquid state. The concentrations of cadmium in the two liquid layers are not identical. It is not until more than 65 per cent. o{ cadmium has been added that a mixture of equal weights of lead and zinc yields a homogeneous liquid phase.-.J. Newton Friend and . .J. S. Tidmus: The relative corrosion of zinc and lead in solutions of inorganic salts. The results resemble closely those obtained with iron under similar conditions, and the explanation appears to be substantially the same.-K. Iokibe : Copper-zinc alloys which expand on solidification. Extensometer tests show that the expansion is observed only with alloys containing frrun 5 per cent. to 30 per cent. of copper. There is a sharp maximum peak with 15 per cent. of copper. There is a contraction on alloying. The amount of expansion varies with the rate of cooling; with very slow cooling the density may fall from 7'3 to 6·2 corresponding with an expansion of about rS per cent. due to the formation of minute voids, which are not gas holes. Slowly cooled alloys are of uniform composition throughout: but chill cast bars, though of uniform average composition when examined in horizontal sections, are inversely segregated vertically. The more rapid the cooling, the greater is the. difference in copper content between successive vertical layers on proceeding from the outside to the inside of the bar; it may amount to as much as 25 per cent. of the total copper content. The maximum inverse segregation in rapidly cooled alloys coincides with the maximum expansion of slowly cooled alloys. The expansion appears to be connected with the change, on slow cooling or annealing, from the unstable state of inverse segregation to the stable state of uniform composition.-M. Isihara : The equilibrium diagram of the copper-tin system. The electric resistance of the alloys at different temperatures was measured, the rate of heating and cooling being slow enough to enable the equilibrium state to be obtained. Some points are as foUows : The a constituent shows a progressive transformation beginning at 480° to 580° C., according to the concentration of tin; the maximum solubility of tin in a is r r per cent. ; the constituent il is a compound Cu 4 Sn, and has no capacity for dissolving copper below 5I0°C.; the constituent rJ is a solid solution of tin in a compound Cu 3 Sn ; the constituent • is a compound CuSn, and has no capacity for dissolving rJ or tin below 400° C.-C. H. M. Jenkins and D. Hanson: The constitution of the alloys of copper and cadmium. The alloys of copper and cadmium have been previously investigated by Sahmen, revealing the presence of the two compounds Cu 2 Cd and Cu 2 Cd 3 • Six primary constituents, a, (3, -y, il, •. and 11, capable of separating from the liquid condition, are found. Two eutectics occur, one between ' Y and il at 544 ° C. with a copper content of 39 per cent. by weight, the other between< and 11 at 314° C. with a copper content of r ·2 weight per cent. of copper. The solid solubility of cadmium in copper (a) is approximately 2 ·J per cent., while the solubility of copper in cadmium is approximately o ·OJ per cent. The concentrations represeRting the homogeneous phase fields appear to correspond closely to those of the compounds Cu 2 Cd, Cu 4 Cd 3 , Cu 2 Cd 3 , and CuCd 3 • At temperatures below that of their formation Cu 4 Cd 3 , Cu 2 Cd 3 , and possibly CuCd 3 possess a solubility in the solid state for either copper or cadmium.-E. R. Jette, G. Phragmen, and A. F. Westgren: X-ray studies on the copperaluminium alloys. Four different phases appear in these alloys. The CuA1 2 phase has tetragonal structure, with an axial ratio of o·Sos. The elementary prism is body-centred, and contains four molecules of CuA1 2 . The phase present in the range r6 to 25 per cent. aluminium has a cubic lattice. In the r6 per cent. alloy the elementary cube contains about 52 atoms, and in the 25 per cent. alloy the corresponding number is only 49·
The solutions within range are thus formed by a complex substttutwn. The curve of the change of density is in close agreement with that obtained by supposing that three copper atoms in the lattice are replaced by lead,o·sz; zinc,5·3r; phosphorus, o·o2r ; 1ron, o·o2, was used. The tensile strength, the elongation and impact figures showed a marked optimum with a casting temperature of II30° C. The Brinell hardness figure rose steadily as the casting temperature fell, a common feature of all NO. 2839, VOL. I 13] gun-metals and bronzes. The microscopic appearance showed that bars cast at higher temperature have the eutectoid more finely divided than those cast at the lower temperatures. The macroscopic appearance showed the grain size to fall progressively with the casting temperature.-D. Stockdale: The aluminiumcopper alloys : alloys of intermediate composition.
Alloys containing between r6 per cent. and J6 per cent. of aluminium were used. The methods used were thermal and microscopic. The compound, Cu 2 Al, exists in two polymorphic modifications. A second series of solid solutions, which is stable at high temperatures, is remarkable in that the structure cannot be maintained even by the most sudden quenching. This series, too, may exhibit polymorphism.
The compound CuA1 2 , once formed, is extremely stable, and neither copper nor aluminium can dissolve in it. Silicon, even in small quantities, exerts a very disturbing influence on the diagram, probably through the formation of the compound Cu 3 Si. The intermediate alloys are all white, and exceedingly brittle. Saturated solutions show strange twinning effects and are very difficult to polish. It is unlikely that these alloys can be put to any common industrial use, even though they are most resistant to the action of acids.
Royal Statistical Society, March rS.-Lord Emmott, president, in the chair.-A. W. Flux: The census of production. In the United States the census of industrial production in 1919 showed that the value added to materials in the process of manufacture per head of those engaged was 91 per cent. above the 1914 figure, the rise in money value of everything concerned in manufacturing processes being the principal explanation of this large increase. In 1921 a slight fall was registered, while the numbers concerned, which had increased between 1914 and 1919 by 31 per cent., fell back to practically the 1914 total. Comparing the figures from the three Umted States censuses of 1909, 1914, and 1919 with the corresponding data for the United Kingdom in rgoJ, the productiveness of industry per person employed appears to have been about two and a half times as great in the United States as in Great Britain, while the variations in the United States at successive censuses appear to reflect rather changes in price levels than variations in effectiveness of productive processes. The Canadian results show production values equal to or greater than those of the United States relative to the aggregate numbers employed. In Australia the returns show that about rgoJ the net output per head was greater (in money value) by 50 per cent. than in Great Britain. It has increased with the rise of prices to the latest date covered by the issued reports, 1921-22. The money value of the net output was higher in New Zealand than in Australia, so far as the published figures can be taken as covering precisely the same categories. The mechanical power used per person employed in New Zealand has more than trebled in the last sixteen years.
